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STUDY  OF  LUBRICANT  FLOW  RATE  THROUGH  A  BEARING 
DEPENDING  UPON  THE  LOCATION  OF  THE  LUBRICANT  INLET 

V.  A.  Karamzin 

The  high  heat  intensity  of  bearings  of  modern  machines  and,  in 
particular,  the  crankpln  bearings  of  engines  require  the  correct 
control  of  heat  flows. 

Basically  the  heat  removal  depends  on  the  quantity  and  quality 
of  lubricant  flowing  through  the  bearing,  since  it  is  one  of  the 
main  factors  affecting  the  temperature  conditions  of  the  bearing, 
and  consequently  its  reliability  and  life  [1-3]. 

The  purpose  of  this  work  was  the  study  of  the  effect  of  the 
main  parameters,  characterizing  the  operating  conditions  of  the 
bearing,  on  its  working  capacity.  We  investigated  the  effect  of 
the  slip  rate,  specific  load,  pressure  and  viscosity  of  lubricant, 
and  also  the  location  of  the  lubricant  Inlet  on  the  flow  rate  of 
lubricant  through  the  bearing  during  complex  loading.  The  tests 
were  conducted  on  a  special  stand  for  testing  bearings  [4,  5l • 

Tested  was  a  bearing  consisting  of  two  bushings  1.75  mm  thick 
made  of  high-tin  aluminum  alloy  (d  -■  Ob  mm,  l  =  2J  mm).  The  diameL  • 
ral  clearance  was  70  microns,  ratio  l/ d  «  0.4i. 

In  the  process  of  testli.,*'  ,  .  ■]  eruditions.'  varied  from 

3.400  to  3200  rpmj  the  avera«<-  . . e  load  from  29  to  140  kg f/cm  ; 

the  oil  pressure  from  1  to  3  kgf/cm  ,  the  temperature  of  oil,  fed 
to  the  bearing,  from  50  to  110*  C;  the  location  of  lubricant  inlet 
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|  relative  to  the  direction  ol‘  loading  .component,  reierred  to  thp 

4* 

t  shaft,  varied  from  -22  to  108*.  ' 

£he  solution  of  Reynolds  equation  for  pressure  in  a  plain  bearing 
of  i  -.f'.nite-  lergth  was  obtained  by  Zhukovskiy  and  Sommerfeld.  In 
this  a  :e  tne  en nation  for  pressure  in  partial  derivatives  is  reduced 
to  ordinary  di'  r*  ..tial  equation,  and  the  solution  is  obtained  by 
simple  Integra u i>.  n. 

The  solution  for  a  bearing  of  zero  length  is  pbtained  by 
Okvirk.  His  solution  is  based  on  the  assumption  that  ir>  the  bearing 

i 

the  axial  gradient  of  pressure  is  an  order  of  magnitude  higher  than 
radial  pressure  gradient.  This  assumption  pertains  to  a  bearing 
of  finite  length.  Although  the  equation  of  pressures  in  the  oil 
layer  is  nonlinear  and  nonhomogeneous ,  its.  approximate  solution 
can  be  obtained  bj  various  mathematical  methods. 

Musket  and  Morgan  obtained  the  solution  of  this  problem  with 
expansion  of  pressure  Into  power  series  with  respect  to  X  [6]. 

Cameron  and  Wood  investigated  this  problem,  usipg  the  Southwell 

:  i 

method  [7]. 

The  variational  method  was  developed  by  Weber  and  Hays. 

,  i 

Some  investigators,  for  example,  Stodol,  Yanovdkiy,  Korovchinskiy 
[8],  represented  the  solution  of  the  problem,  i.e.,  the  sought, 

1  ‘  i 

function  of  pressure  distribution,  in  the  fohm  of  the  product  of 
two  functions 

--=£>(tp)7(w), 

where  D  (q>)  depends  only  on  'p,  and  f  (“)  depends  only  on  «'  .  . 

i  i  ! 

Shibel*  and  Khanovich  used  the  same  method,  but  with  consider- 

J 

able  limitations. 

The  exact  and  complete  solution  of  this  problem  was  pbtained 

I 
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by  Tao,  who  considered  the  viscosity  a  constant  or  a  function  of 
only,  pressure  [9].  In  this  investigation  the  Reynolds  equation 

,  s(*’i)  +  4-(*,|rHt‘<'  §  (l) 

1  •  • 

;  ■  after  reduction  to  dimensionless  form  and  substitution 

i 

‘  ’  p(r, 2)  =  S(<p)  -i-£(<p;z)  (2) 

■  is  expressed  by  two  equations 

I 

i[(l  +  xcos«)"|t]+4.[(l+*cos(p)>§]  =  0.  (4) 

I 

To  these  equations  will  correspond  the  following  boundary 


conditions 

l 

5(-*)={M;  f <-»)- fw, 

(5) 

j 

(6) 

i 

t  (<P;  — 1/2)  —  {J  (cp;  1/2)  =  —  5  (9). 

if) 

The  solution 

distribution  for 

of  equation  (3)  represents  the  lViot  Lon- 

a  bearing  of  infinite  length 

i 

of  pres 

• 

* 

S(m)  .  ,lwZ  .  (2  (  *«>»i|>)s|nip 

Vc1  (2  +  X'i  (1  -l-  jjcos  tf.)3 

(ti) 

1  i 
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During  the  solution  of  equation  (4)  the  method  of  separation 
of  variables  was  used,  which  led  to  the  finding  of  eigenvalues  and 
eigenfunctions . 

For  finding  the  eigenvalues  there  was  applied  the  method  of 
expansion  into  series  with  respect  to  orthogonal  functions,  proposed 
by  Ramachandra  [10]. 

Thus,  the  final  expression  of  pressure  distribution  in  a 
bearing  of  finite  length  has  the  form 


/>(r.z) 


G  vrx  _  (2  H-  x  cos  q>)  .sin  ip 
Uc-  (2  +  x!)  '  (i  +  X  <P)J 
00 

- —  2j  ch X* zB'n sin ny. 

(t  +  j{Cos(p)4  m“l 


(9) 


In  connection  with  the  fact  that  the  obtained  final  expression 
causes  difficulties  during  calculations,  it  was  somewhat  simplified 
by  the  use  of  the  approximate  solution  proposed  by  Vorner  [9]. 

For  this  on  the  basis  of  expression  (7)  let  us  write 


OJ 

— I  Op)  =  2  c*°.v  (?)  V#  (y)  • 


By  expanding  l  (<p)  into  series  with  respect  to  functions  0  ,  we 
obtain 


VT1  ’i’-  (*)  ’ 

P  Or:  z)  =  Zi  n  Op)  l - "• 

*v-‘  ?A'  1  j) 


Having  made  the  assumption  about  the  fact  that 
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we  finally  have 


where  (2)  =  c{,  \l2  . 

The  quantity  of  lubricant  flowing  through  the  plain  bearing. in 
the  process  of  operation  is  made  up  of  two  magnitudes:  the  quantity 
of  oil  flowing  through  the  loaded  or  working  zone  M^,  and  the 
quantity  of  oil  flowing  through  the  unloaded  zone  Mg 


M  ■  Mt  -I-  Al*. 


(13) 


The  loaded  zone  of  the  bearing  is  characterized  by  relatively 
small  thickness  of  the  oil  layer  and  high  pressures.  In  the  unloaded 
zone  the  oil  pressure  does  not  exceed  the  pressure  in  the  line,  but 
local  thicknesses  of  the  oil  layer  are  relatively  great. 

The  ratio  between  M^  and  Mg  can  be  different  depending  upon 
the  construction  of  the  bearing,  the  eccentricity,  the  oil. feed 
pressure  and  especially  on  the  place  of  supply  of  lubricant. 

For  determination  of  the  lubricant  flow  rate  through  the  loaded 
zone  there  is  considered  the  outflow  of  fluid  in  axial  direction  (z). 

The  total  flow  rate  of  lubricant  through  the  loaded  zone  of 
the  bearing  is  obtained  by  integration  of  the  elementary  flow  within 
the  boundaries  of  the  loaded  zone  (<pi  «  «(j) 


Op 

dz 


rd>\\ 


(1*) 


where  h  —  present  thickness  of  the  oil  layer,  determined  from 


expression  h  *  ^-<1  +  x  cos <p);  n  -  viscosity  of  oil;  r  -  radius  of  the 

bearing . 

Considering  the  earlier  obtained  expression  of  pressure  distri¬ 
bution  P  "  /  (< p;  *)  in  the  flow  equation  through  the  loaded  zone  and 
performing  a  series  of  transformations,  we  obtain  the  expression 
in  the  form 


Mi  **  •  (2  +  x‘>  x 

X  th  (4-)]f  (1  -|-  xcos<|>)  (2  -f  xco"<|)sfu«rrf'l', 


(15) 


where  _g  -  diametral  clearance;  ©  -  angular  velocity;  x  -  relative 
eccentricity. 

The  values  of  characteristic  parameter  V  as  a  function  of  X 
are  presented  below: 

X  •  •  0,2  0,4  0,6  0,8  • 

**•••  1.04  1,10  1,28  1,35 

Finally  the  expression  of  flow  rate  through  the  loaded  zone 
of  the  bearing  can  be  written  so: 


Mi «  d*iKc.  (16) 

The  value  of  the  integral  entering  the  expression  was 
computed  for  various  boundaries  of  the  loaded  zone  when  *Ts  **  l80# 
and  9*  *  50-110*  and  at  values  of  x  *  0.6-0. 9. 

The  values  of  flow  rate  through  the  loaded  zone  and  the  results 
of  analytical  calculations  coincided  for  various  values  relative  to 
eccentricity  at  certain  values  of  the  boundaries  of  the  loaded  zone. 
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Thua,  the  relationship  of  the  change  of  boundaries  of  the  loaded 
zone  to  the  relative  eccentricity  was  established: 

'  X  •  •  •  0.6  0,75  0,8  0,85  0,0 

<P«  —  85  92  100  111  125 

For  the  investigated  bearing  with  change  of  the  relative  eccen¬ 
tricity  from  0.6  to  0.9  the  extent  of  the  boundaries  of  the  loaded 
zone  Cv* — /P»)  varied  from  85  to  125#,  which  can  explain  the  complex 
character  of  the  load,  the  vector  diagram  of  which  is  shown  in  Fig. 
1,  and  also  by  the  insufficient  rigidity  of  the  connecting-rod  big 
end,  in  which  the  bushings  of  the  tested  bearing  were  installed. 


jft 
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Fig.  1.  Vector  diagrams  of  loading,  pertaining 
to  the  shaft  (a)  and  bearing  (b). 

The  flow  rate  of  lubricant  through  the  unloaded  part  of  the 
oil  layer  is  usually  determined  by  proceeding  from  the  equation  of 
flow  of  fluid  through  a  narrow  slot,  the  length  of  which  is  taken 
equal  to  the  expanded  length  of  the  unloaded  part,  and  the  height  - 
to  the  averaged  thickness  of  the  unloaded  part  of  the  oil  layer 

M,  =  Ak.Zf.  i.  (17) 

The  flow  rate  of  oil  through  the  unloaded  zone  of  the  oil 
layer  depends,  as  was  indicated  above,  on  the  place  of  supply  or 
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I 


on  how  far  the  place  of  supply  of  lubricant  ia  from  "favorable.'* 

As  is  known,  the  "favorable"  place  of  supply  of  lubricant  is  char-' 
acterlzed  by  the  best  filling  of  the  wide  .part  of  the  bearing  ^leajr- 
ance  by  the  outflowing  oil. 

I 

The  resistance  to  the  flow  of  oil  into  the  clearance  between 

i 

openings  in  the  shaft  neck  and  the  surface  of  the  bushings  depends  .! 
upon  in  which  clearance  region  the  holes  fall,  serving  for  supply 
of  lubricant.  Coefficient  A  depends. on  the  place  Pf  supply  of 
lubricant,  which  is  characterized  by  the1 corresponding  thickness 

I 

of  the  oil  layer.  In  case  of  coincidence  of  the  lubricant  supply 
place  with  "favorable"  coefficient  A6a  fe  l. 

Therefore  it  i3  possible  to  write  ' 

M»  A  h  .  X  /«  -  » 

,  (i«  ■ 

where  a1  -  the  angle  between  the  oil  hole  and  the  "favorable"  place 

1  .  f  ' 

of  lubricant  supply.  1 

With  a  more  complex  form  of  loading,  which  takes  place  in  this 
experiment,  the  expression  for  AIAai ,  is  somewhat  complicated  and 
is  considered  by  the  introduction  of  coefficient  a,  depending  on  X 
and  angle  a  between  the  location  of  the  lubricant  Inlet  and  the 
"favorable"  lubricant  supply  place  ‘  , 

a  =>  0,27  [I  +  (l,5x  —  1, 125)0, 0174«1.  ^ 

As  the  results  of  the  conducted  experiments  showed,  all  other 
conditions  being  equal,  the  "favorable"  lubricant  supply  place  with 
change  of  pressure  of  the  oil  being  supplied  is  somewhat  displaced 


"'  njyp 


in  the  direction  opposite  the  rotation  of  the  shaft. 

.  Considering  the  displacement  of  the  ” favorable”  lubricant 
supply  place  to  angle  9'  from  the  direction  of  loading  component, 

4  ;  ■■  : 

we-  have 

a  =  9  —  9'.  • 


By  substituting  the  value  of  it  in  formula  (19) »  finally  we 


have 


M 


--=  1 


Mux 


(20) 


In  the  presented  expression  the  value  of  angle  9'  is  taken 
from  0  to  20°.  1 

i  1  . 

Thus,  th^  flow  rate  of  lubricant  through  the  .unloaded  zone 
of  the  bearing  at  any  location  'of  the  lubricant  inlet  is  deterbined 
from  expression  (21)  and  will  be  equal  to 


M 


(21) 


where  p«  -  oil  pressure. 

,  v 

*  1  • 

As  numerous  experiments  showed,  the  flow  ra,te  of  lubricant 
through  the  unloaded  zone  depends  also  on  the  speed  of  rotation  of 
the  shaft,  which  i3  considered  by  the  Introduction  of  coefficient  k 
The  values  of  coefficient  k«  are  prest-nted  on  Pig,  2. 

1  1  .  . 

!  Finally  th'e  total  flow  rate  of  lubricant  through  the  bearing 
for  any  location  of  the  lubricant  inlet  is  written  In  ttye  fo’ m 


M ifenl*  »•  *  4 [**  1  “  T{f+ x)-  <l  ” eos *>]'.' 


(22) 
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This  formula  can  be  used  during  engineering  calculations  of 
multi-loaded  plain  bearings,  having  supply  of  lubricant  through 
one  hole. 


'%  U"  JUtuMkm 
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Fig.  2.  Relationship  of  « 

coefficient  *a  to  velocity 
conditions  *  and  oil  vis¬ 
cosity  «  . 

Designations:  oO/mijh  *»  rpm;  , 
C8K  »  s. 


The  value  of  coefficient  £c  can  also  be  computed  by  the  formula 
obtained  as  a  result  of  processing  the  experimental  data 


•  t--w +(■*)“• 


(25) 


In  the  conducted  Investigation  the  value  of  the  relative 
eccentricity  for  various  operating  conditions  was  determined  accord¬ 
ing  to  the  value  of  the  loading  factor  [1],  which  in  turn  was  com¬ 
puted  according  to  the  value  of  the  mean  effective  pressure,  equal 
to  the  ratio  of  the  effective  load  to  the  area  of  projection  of 
the  bearing 


k*  ■  p»iJdl. 


Fig.  shows  graphs  of  the  relationship  of  the  iMow  rate  of 
lubricant  to  the  feed  pressure  p»  and  viscosity  v  for  n  »  2600  rpm 
and  *  40*.  Analogous  graphs  were  obtained  for  n  «  l400-j>200  rpm 
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and  JP  *  108-(  -22°).  The  flow  rate  through  the  loaded  zone  was 
determined  as  M  *  t  (P»)  when  P*.  ■»  0. 


•  • 

Fig.  5.  Relationship  of  flow 

rate  of  lubricant  to  the  feed  ! 

pressure  and  viscosity. 

Designations:  cen  «*  sj  kP  **'  kgf; 
ccn  *  cSt . 


On  the  basis  of  experimental  data  graphs  are  constructed  of  the 
flow  rate  of  lubricant  depending  on  the  location  of  the  lubricant 
inlet  for  ^  »  20  cSt  and  p  *  5  kgf/cm2  (Fig.  Analogous  graphs 

were  obtained  for  v  *  10  and  15  cSt  and  p  *  1  and  2  kgf/cm2. 


Fig.  4.  Relationship  of  flow 
rate  of  lubricant  to  the  loca¬ 
tion  of  lubricant  inlet  for  i 

various  velocity  conditions  • 

when  '  ?  =  20  cSt  and  t  «  5 
kgf/cm2 . 

Designations:  csk  *  s;  oO/nut.  * 
»  rpm. 


FTD-HT- 23-518*72 


11 


i  BJBLJpGRAfpty 


.  1.  A.  K.  JlbKMOt.  noaUlimitHKH  CKOAbMUIIHfl  JKIIAKOCTIIOro  TpCfUIH,  Meuirua,  1935. 

>  2.  A.  K.  JlkXHKoa.  Hccacaouhhc  TciuiooMACAcm<«  nptt  Tpeuim  noAiunnmiKu  cxoni.- 

xtHHB.— CC.  sTpctme  h  aauoc  b  m«uimiibx>,  ccpiix  X.  Mba-bo  AM  CCCP,  19.55. 
1  3.  A.  K.  AbJt'iKM,  PacKeTpacxoM  (npoxsHxn)  cuaaKH  wcpeo  noAuiKmiHK.— Hcctuhk 

1  MauHHocTpoeHKX,  1954,  M  2. 

4.  B.  A.  KupaMSUH.  HccneAouaHxe  pncxoAa  cmbskh  uopea  nonmiinmtK  cxonuKOimn 
npH  cnowaofl  turpyaxc.—  AoTouoCiuibiiaH  npoMtmwicHHocrb,  1934,  A&  8. 
i  5.  B.  A .  KapOMMiH.  HccAeAoaaHHO  KpamiecKiix  toxck  TCitncpaTypitoro  pcaotua 
noauiHnHMXOB  cxMbiKCHua.—  BecriiHK  MauiHiiocTpocHitx,  1954,  Hi  4. 

6.  M.  Mutkat,  P.  Morgan.  Studies  in  Lubrication  Parts  1  and  3.—  J.  Appl.  Phys. 
1938,  9. 

7.  A.  Camtron,  W.  L.  Wood.  The  Full  Journal  Bearings.—  Proceed.  Iro-t.  Mccli. 
Engin.,  1949,  101,  Hi  48. 

8.  M.  B.  KopomuHowi.  TeopenwecKMC  ociiodu  paOoru  noAimwHMKon  ckwimkc* 
iikx.  Maui  no,  1959. 

.  9.  L.  N.  Too.  General  Solution  of  Reynolds  Egnation  for  n  Journal  oi  Finite 

Width.— Quarterly  Appl.  Math.,  1956,  17,  N  2. 

10.  PaMCNOndpa.  PcuKHae  ypamieauR  PcfiKonwica  Arm  nauioro  noAumnuaxa  cxoab* 
NceaiiH  KoneuHOM  axhhm.— TcxmoiccKati  mcx.iiimk.1,  cepun  if,  1961,  ,Y»  4. 


i 


I 


l  .  i» 

PTD-HT-23-518-72 


12 


